INTRODUCTION
Pituitary adenomas are broadly classified according to either their size or functional status (Table I) . Adenomas measuring <10 mm are considered microadenomas; those larger than 10 mm are termed macroadenomas. The other classification scheme distinguishes whether the tumours are associated with clinical and laboratory evidence of excess hormone secretion. The traditional nomenclature describes adenomas as hyperfunctioning or nonfunctioning. The three most common hyperfunctioning adenomas are the prolactin (PRL) secreting adenoma, the growth hormone (GH) adenoma, and the corticotropin (ACTH) adenoma. Much less common is the hypersecreting thyroid stimulating hormone (TSH) adenoma. The non-functioning adenomas (NFA) actually represent a group of adenomas that include the glycoprotein adenomas [α-subunit, thyrotropin (TSH), follicle stimulating hormone (FSH), and luteinising hormone (LH)], the null cell adenoma and oncocytoma.
Although prolactinomas have accounted for nearly 30% of the cases in our surgical series since 1972, the surgical indications have narrowed and its frequency with regard to surgical management has diminished (Table II) . Growth hormone adenomas and ACTH adenomas account for approximately 20% and 15%, respectively, of the tumours treated surgically in our series (1) . Clinically non-functioning adenomas account for approximately 35% of our cases.
CLINICAL PRESENTATION
Pituitary adenomas present to the clinician secondary to production of excess hormone, secondary to mass effect, or incidentally. Although not mutually exclusive, the presentations will be discussed individually.
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In women, gonadotroph (LH and FSH) dysfunction causes amenorrhoea, decreased libido, and osteoporosis. In men, the resultant reduced testosterone often presents with impotence as well as decreased libido and vitality. Patients with secondary thyroid deficiency exhibit decreased vitality, cold intolerance, dry skin, and myalgias. Growth hormone deficiency may cause fatigue and reduced exercise performance but also carries the long-term risk of reduced cardiac performance. Corticotroph deficiency, when manifested gradually, presents with fatigue, anorexia, and depression. When corticotroph deficiency occurs acutely, as in the setting of pituitary apoplexy, cortisol deficiency (Addisonian crisis) may cause stupor, cardiovascular collapse, hyponatremia, and hyperkalemia. Extension of an adenoma outside the confines of the sella may cause neurological signs. Suprasellar extension that impinges upon the optic chiasm leads to the characteristic bitemporal hemianopsia. Massive suprasellar growth with expansion into the third ventricle, albeit rare, can cause obstructive hydrocephalus. Growth into the cavernous sinus may provoke extraocular motion abnormalities, ptosis, and facial pain. With even more lateral expansion into the temporal lobes, giant adenomas can trigger seizures.
Incidental adenomas
With the increased availability of magnetic resonance imaging (MRI), more patients are presenting with incidentally diagnosed pituitary adenomas. Incidentally diagnosed adenomas, however, are not universally asymptomatic, nor can they all be managed conservatively. Although microadenomas pose a minimal risk of pathological growth, more than onethird of incidentally discovered macroadenomas will grow significantly over time (2) (3) (4) (5) (6) . Pituitary dysfunction is evident in up to 15% and these patients should be treated with hormonal replacement therapy (3) .
Hypersecretory Syndromes
Prolactin secreting adenomas present most commonly in women with amenorrhoea and galactorrhoea. Although men can present with galactorrhoea, they more often come to attention secondary to visual symptoms or signs of pituitary deficiency. The impaired anterior pituitary function may manifest with diminished libido, fatigue, and loss of vitality. Caution must be used in the diagnosis of prolactinomas solely based on clinical grounds because neither amenorrhoea nor galactorrhea is specific to prolactinomas. Any tumor that impinges on the pituitary stalk, and thereby disrupts the tonic inhibition of prolactin secretion by the hypothalamus, may cause a rise in serum prolactin with secondary amenorrhoea and galactorrhoea. Growth hormone adenomas cause either acromegaly in adults or gigantism if the disease onset is prior to the closure of the epiphyseal plates. Patients with acromegaly experience progressive, and often insidious, cosmetic changes. These changes include frontal bossing, prognathism, macroglossia, and an increase in hand and foot size. Patients also experience hypertension, congestive heart failure, and impaired glucose metabolism. Tissue hypertrophy also increases the incidence of sleep apnea, lumbar stenosis, and carpal tunnel syndrome. Growth hormone excess in adolescents causes the additional feature of excessive long bone growth and subsequent increased stature.
Excess ACTH production leads to hypercortisolemia and Cushing's syndrome. Cushing's syndrome is distinguished from Cushing's disease in that the latter is secondary to overproduction of ACTH by a pituitary adenoma. Like acromegaly, patients present with a constellation of characteristic cosmetic changes. These changes include weight gain with centripetal obesity, moon facies, and fat deposition in the supraclavicular and post-cervical regions (buffalo hump). Integumentary features include hyperpigmentation, abdominal purple striae, hirsutism, plethora, and easy bruisability. Excess cortisol also may cause hypokalemia, hypertension, osteoporosis, and diabetes mellitus. Other features include depression with labile affect, loss of libido, amenorrhoea, and proximal myopathy.
Mass Effect
In addition to these classical syndromes of hormonal excess, pituitary tumors also may produce signs and symptoms secondary to mass effect. Mass effect may manifest with either local pituitary dysfunction or extrasellar neurological signs.
Local growth within the sella can cause the gradual onset of pituitary dysfunction. The most susceptible cells are the gonadotrophs, followed by the thyrotrophs, somatotrophs, and corticotrophs. For this reason, when a patient presents with a visual field deficit, the initial screening should begin with a serum prolactin level. Because the firstline treatment of prolactinomas is medical therapy, a serum prolactin level will determine to whom, endocrinologist or neurosurgeon, the patient should be referred.
Endocrine Evaluation Prolactinomas
Prolactin secreting adenomas are among the more straightforward of pituitary tumors to diagnose. Serum prolactin levels >200 ng/ml are generally considered secondary to a prolactin secreting adenoma. Nevertheless, moderate hyperprolactinemia (serum PRL <150 ng/ml) may occur in patients with pituitary lesions that impinge upon the pituitary stalk. Impingement upon the pituitary stalk interrupts hypothalamic inhibition of prolactin secretion and leads to disinhibition of pituitary lactotrophs.
Acromegaly
Because growth hormone secretion is normally pulsatile, random GH levels are of limited value in the diagnosis of acromegaly. IGF-1 levels more accurately reflect the overall GH levels and should be used to screen for a suspected GH adenoma. An oral glucose tolerance test (OGTT) can confirm the diagnosis. Serum growth hormone levels are drawn in the fasted patient at -30, 0, 30, 60, 90, and 120 minutes around the time of an oral glucose load of 75 to 100 grams. Failure to suppress GH levels to less than 1 µg/L (<2 mU/L) confirms the diagnosis.
Cushing's Disease
Cushing's disease is amongst the most difficult of endocrine disorders to accurately diagnose. The initial endocrinological step is to confirm Cushing's syndrome. A 24-hour urinary free cortisol (UFC) may be used to screen for Cushing's syndrome. Values above 220-330 nmol/24 hours (80-120 µg/ 24 hours) are sensitive, but relatively non-specific, for the diagnosis of Cushing's syndrome (7, 8) . The overnight low-dose dexamethasone suppression test (LDDST) may also be used for screening and involves a midnight dose of 0.5 to 2.0 mg of dexamethasone and measuring the serum cortisol at 0800 hours the next day. Although false negative results occur, patients with Cushing's syndrome should fail to suppress to 100-200 nmol/L (3.6-7.2 µg/dl). Suppression to less than 50 nmol/L or 1.8 µg/dl is highly specific for exclusion of Cushing's syndrome (9, 10) . Once Cushing's syndrome is established, the next step is to determine whether the hypercortisolemia is secondary to ACTH excess. Although levels should be repeated for confirmation, corticotropin (ACTH) levels, if low (5 pg/ml) or undetectable, indicate an ACTH-independent Cushing's syndrome (11) . Higher levels indicate some ACTH dependence and the distinction between a pituitary or ectopic source of ACTH secretion then must be made. No single test allows for a clear distinction between pituitary and ectopic sources of excess ACTH. Nevertheless, the combined results of several tests may be used to provide a preponderance of evidence.
The high dose dexamethasone suppression test (HDDST) may be used and involves comparing steroid levels (either plasma cortisol levels or 24-hour urinary levels of 17-hydroxycorticosteriods (OHCS) or UFC) before and after the administration of high dose dexamethasone (2 mg of dexamethasone every six hours for 48 hours or a single 8 mg dose of dexamethasone at 2300 hours). Although variations of this test exist and various cut-off values have been assigned, patients with Cushing's disease should show evidence of ACTH suppression (suppression of plasma cortisol by >50%, UFC by >90%, 17-OHCS >64-69%), while those with ectopic sources of ACTH do not (12, 13) . Metyrapone (administered orally using 750 mg every four hours for six doses), which inhibits the synthesis of cortisol, is also used to distinguish Cushing's disease from ectopic sources of ACTH. While urinary 17-OHCS and 11-deoxycortisol levels and plasma 11-deoxycortisol levels should not rise in patients with ectopic sources of ACTH, rises should be observed in Cushing's disease (rise in urinary 17-OHCS >70%, or rise in plasma 11-deoxycortisol >400%) (14, 15) . Corticotropin releasing hormone (CRH) testing is also used to distinguish Cushing's disease from ectopic sources of ACTH secretion. Plasma ACTH and cortisol levels are drawn at times -15, 0, 15, 30, 60, 90, and 120 minutes using a dose of CRH of 1 µg/kg intravenously. In patients with Cushing's disease ACTH and cortisol levels should rise quantitatively more than in those with ectopic ACTH syndromes (peak ACTH >50%; ACTH >35% at 15 or 30 minutes; peak cortisol >20%) (16, 17) .
Inferior petrosal sinus sampling is an invasive test used to not only confirm a pituitary source of ACTH hypersecretion but also to attempt to localise thetumour within the gland. Catheters are placed bilaterally within the inferior petrosal sinuses and gradients between the central and peripheral plasma ACTH levels are determined with and without CRH administration (18) (19) (20) (21) (22) . Central to peripheral ratios greater than 2.0 are considered indicative of Cushing's disease. CRH stimulation (100 µg) increases test sensitivity; ratios greater than 3.0 are considered diagnostic of Cushing's disease. Intersinus ratios greater than 1.4 correlate reasonably well with lateralization of the adenoma.
Evaluation of Pituitary Function
Once the diagnosis of a pituitary adenoma is established, screening tests should be performed to evaluate for signs of pituitary deficiencies. This is particularly important in patients with macroadenomas. The useful screening tests include basal levels of PRL, GH, IGF-1, ACTH, cortisol, LH, FSH, TSH, thyroxine, testosterone, and estradiol. These tests will allow the physician to further establish the pre-treatment endocrine status and the possible need for hormonal replacement.
Imaging Evaluation
Magnetic resonance imaging (MRI) has emerged as the imaging modality of choice for evaluation of the pituitary. Several points bear mentioning regarding pituitary imaging. When evaluating patients for possible Cushing's disease, the results of MRI should be evaluated with caution. Because clinically significant microadenomas may be too small to be detected using MRI, a normal appearing pituitary gland does not rule out pituitary disease. By the same token, finding an abnormality on MRI does not necessarily confirm the diagnosis of Cushing's disease because a significant portion of the population harbours incidental pituitary tumours. Pituitary tumours have been found in 10% of the normal population using MRI and in 27% of persons undergoing autopsy (23, 24) .
Ophthalmologic Evaluation
A complete ophthalmologic evaluation is warranted in any patient with visual complaints or imaging evidence of optic nerve compression. Evaluation should include fundoscopy, automated perimetry, and acuity testing. Documentation of visual compromise is not only important for the preoperative evaluation of patients, but also in evaluating the adequacy of therapy.
TRANSSPHENOIDAL SURGERY

Surgical Approach
The vast majority of pituitary adenomas may be successfully resected via the transsphenoidal route. Transcranial approaches may be preferred when adenomas extend into the anterior or middle cranial fossa or when the consistency of the tumour is expected to prevent adequate resection of the tumour transsphenoidally.
Patients are placed in a semi-recumbent position with their head placed on a horseshoe headrest (Fig. 1) . Although most procedures may be performed endonasally, some pediatric patients with diminutive nostrils and giant macroadenomas are better approached via a sublabial incision. Various endonasal incisions are available to the surgeon depending on the clinical situation (Fig. 2) . The standard endonasal hemitransfixion incision is increasingly being replaced by septal pushover techniques that allow more direct access to the sphenoid sinus while minimising the risk of septal perforations. Whether performed using endoscopic or microscopic guidance, the goal of surgery is to accomplish a selective adenomectomy that preserves or restores pituitary gland function and decompresses the visual apparatus. Frameless stereotactic image-guidance can aid in the approach to the sella turcica, especially in re-operative transsphenoidal surgery.
Surgical Results
Prolactinomas
Although the first-line therapy for prolactin secreting adenomas is medical, surgery is indicated in those patients who fail to normalise prolactin levels, are intolerant of medications, or whose tumours continue to compress the optic nerves. In our series, prolactin levels are normalised in 56% of patients harbouring macroadenomas and 87% of those with microadenomas (1) . Recurrence rates after ten years are 13%.
Acromegaly
Our results indicate that long-term remission may be achieved in up to 67% of patients (25) . Preoperative GH levels greater than 50 µg/l, tumour size, dural invasion, and mixed GH/PRL adenomas significantly predict poor outcome (26, 27) . Although remission can be achieved in up to 88% of microadenomas, only 48-65% of patients with macroadenomas experience remission (1, (26) (27) (28) (29) (30) .
Cushing's Disease
Transsphenoidal surgery accomplishes remission in 80 to 91% of patients with microadenomas and 65% of those with macroadenomas (1, 31) . Late recurrence after initial remission is particularly prevalent in this disease and can occur in up to 15% of patients (32, 33) . In our series, remission can be predicted during the immediate postoperative period if serum cortisol levels taken at 1200 hours on postoperative day one are lower than the preoperative midnight cortisol (34) .
Non-functioning Adenomas
Visual field deficits are improved in 74-87% of patients who present with visual compromise (1, 35, 36) . Preoperative pituitary deficiency improves in 13 to 27% (1, 35) . Recurrence requiring repeat surgery occurs in 6% of patients at ten years (1) .
CONCLUSION
Pituitary adenomas may present with classical syndromes of hormonal excess, mass effect, or as incidentally discovered lesions. Appropriate evaluation of pituitary disorders requires careful assessment of the patient's endocrine, visual, and neurological status. Transsphenoidal adenomectomy permits effective treatment for the majority of these tumours.
